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la the ueoal twMtut EEprom celL am holnaai 

MUL71.STATT EZFROM READ AND WHITE thraaoid brvei a established mio oarmkm the 

CIRCUITS AND TECHNIQUES OitmkM wmdow no ^ rtpm 7T» SSSdiw 

BACKGROUND OF THE INVENTION < thai vu ucd woes the ceil vu pmp utH IT the 

Tha appikauoo u a mimaiiipn m pan of mlu»> enTnt rm * d * ^iber tha thu of Iht threshold, the eeS 

U0& Ser. No. U7J79 filed Apr. 13. 1919. «d*t*nmn«d to fa* m a *xare* una. while if Lb* current 

Thu invention raiatai pamily u> tracoodurtor B te t*** tJtal °* ^ vveahoid. the cell » detrrtnmed 

ehwncaily erasable pros/imaebJc rod oory ncaono to be m the other suxe. Thue, suet a two-oate ceil acres 

(EEoromj, and tpcafeaUy to areaus aod »—* h»t *— 10 °** °* «£bma*ioew A n n um source which 

for reading and programming thcxr state. m * r proframeubte a often pr oii cft ed as 

EEprom and ekcxncally programnable rod enJy * * mtoor y " f>Mnt« the tarnJepotttt 

memory (Eprom) art rypicaJJy used m digusJ arcuiu 'hrnhold current. 

for oorwwoiaUl* lionet ofdaa or program. They caa 1 Btth >'«* t < EEneom memory oaU. each 

b« araacd aad haw new dau wntun or "progrenamed" 15 " or ** two °*_ 9o n 0,0 °* mfanaauoo 

uito ther memory ^* ni thMt 1 * lv ** HEpros array cob store a thus mcreaaed 

ab Epram trails, a floating (uBcoaaeeud) eoadoc * of awoer of tuwa that each eefl can 

nvt sate ia • fold c/Tccl tra/umor mam. poenjooed a °?* _ _. . . ^. 

over dvi tosulatcd from a chaaoei region a a scmcoe- - ^ CB Drte>)y * B * nr ™nr obsnct of the pretest 

dun or subftraie. between source aad dram remons. A w T* mi °*. to • TOV * dt * t T*teai of EEprom onenory oafis 

control tail Bthao provided ov« the noetiag gate, bet ZlZ? ™* * *** mm "* ta 

also uuuUiad therefrom. TLa threshold volute charac* " ,7" fc „ w , . . . 

leroiK of the inasotor is controlled by the anovu of -j ° b ? a . o/ 9m « m »veno<» «o pro- 

charoc chmx a muoad on the Qoaxma gau. Thai sv the „ ^ t J m f^ ^oa d orcum aa pan of an Eproca or 

mournum amo«m of voltage (threshold) that mua. he U ^^i^^t^^^^J^ „ 

applied to the control gait before the traaeutor is 00, * a " *™ u,v * nooa » P»ov»de read 

ruroed "oo" to permit coaducooa betweaa na source f™ 0 w ^ « ^ tm^it r. aaaxr u> maarufactart and 

^^^^^^^•^ofciu^on !a£ed^«^c/o^^ '* Wiai,y ^ " °" 

ThTfSii'gV can hold a ruge of charge and " J,.^ £ ^J^'TS «P«^« 

thereforew Eprom mar«^ e^ can be pro|T«imed to gP^^a^m^r waa aa pe n of ao Eprom or EE- 

aey mrcshold lav«i wnh» a thnshoid «udow. The hm ^^J^Jt^tL^L ~ u 

«. of tha .hrashold wmdow. defamoed by the imiu. JL J^J^^^TT^L * 



maiimum threshold level, of the device, da- „ IZZ^LTZ Zu'^ 

pends on the devtce'i characxarBxia. opemtog cood> " ^J^^Z^J?*"* 7 r * i * blluy ^ *" 

oons and history. Each disrtnet threshold level within ,7~Jr^^Jr . #l . 

the »mdo* may. m principle, he used to desgoau a Jt. ZZ^jS^^J^^ 10 ^ 

defane memory uauof^ceO. vida mem ory read aad progm tachniQuas that aettK 

For E^Scmory. t^r^imr acrvmg as . mem- * l^ y or ^^^^^Jr ^, ^^ VO,< * 
ory call „ programmed to one of two wtcTby acceier. ^ ^TyT^^ 

^^^^^ ^^^ged^o,^^ 
on tha Hoaxing gau by oltra-vtolei radiation. - . . 

stray of tuch EEprom celts is rrf erred to as a 'Flrnb" » SUhfMAEY OF THE INVENTION 

EEprom amy when an enure array of ccUa. or atgaifV 



(,e. m a fushX Ono. erased.", cml can the, be ZTZ^l J^J??^ 



.Tammed. r ' Z^^^^ - QT ^* T 10 fmt6a ***** 

- ™a . . * cv « i » (hat allow accurate readme aad wrmna of mm 
A ipeaAc smgk eeU to . two- d i mTa ni.,,) array of 5$ than rwo o^t«^uaT^S^a^^ 

Eprom. p orom caJh n addressed for reading by tppli- „ ettended Ufmrne «£Z^Z^£Z£ 

cauon of . amrdm. vohagt to aooroa aad dram thaa on* bu may be reiiaWy^m^m^ach oalL 

Una tn . column conoumng the odl bemg adore*** According to on* asp^^^Tmv^o^ the 

and aopbcatmoef . coorol gai* voltage to a word line muhrple ihreahold breahooim lev4uTw prov^bvT 

conj»«ci*diotWconafoJgn*««arow» ^ »t n. 1?™ °? "* a 

ceil beina 7 ™T. — — m aaaniar rmerence 

™ wrwi wareaaa celhk The master reference os&s are imliiajinti tod 

A* addreaied memory ctftTBs*^ aienuUy progTmabk. ether by tmtmaor7ma«u 

pUcm» a. opcraong voltage aorom at aouro* aad dram factum ortho eaer. Tma fammV p*»£^l£* 

and on m ™^^« : «o then ocxcccmg the hrve^of fkaibihiy. aUowbig the **Mkpomi thnihtiST^ 



cwrtni flowing between the source aad dram. The u individually set wnhm the threahoid wtodow of the 
levd of current upmportioml ui the threshold lev. of device at «y tiam Alto, by virto. of bemg an id«t»J 

l Zo£TL:JT *«T - ^ ^ ^«U«oftheo^e«ilLt* 

amount of cha/g. 00 u. Aoauag gaxa. dosery track the aatne vmoon* o« to maaufaciunng 
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opmnat cndous ad drvmfng. Th« '^r -'-'ill fnntr wimiiw i n ■ 

J aUowi ManmuM urt ■■■ ^. »/ - __ . — . . ~™ ™ 



mptcacBuooa. rwutrmert, a ifln»i pen- J 



md or dr«ce charaaaratia at the ami — j— < m ^ w w 



Acflonlffli u> Aaother upca of the proem invaiion. uvT^ofmu^*!^^^ 
• tai of memory cdb wit)i« ocfl moot (when « moot 10 to tbt 'ota^iu^ « ffla£^aSX^2«t^ 
aiiropofo^ory^whicbiii^wrtttUtf after oeh cnag sup w«h the "«W aauaa7i«Jtc. 

id . FUjjh EEproo) « « ««Jc o loc«J *v«iy iafaibiu further ertaioj ofny crfb . tht eiuu* 
^ercBct alls. Etch m of reference eclto tacks tht U»t have bees vtrificTShtvt tea owd'mm? 
R«h ofi. d the tame aacior doady .» tbty .« bmh T*. pt^oo o^^Jm r^L^.^^rirS; 
cycled throve* the uar number of proaiwi/exwe 13 device «d embtoSk 
cyeiea. Tbm, iha apag that ocean a the memory cells of 




- w — — ■nnnwwjBM « COL 

SLL 1 ** 1 ? ^ " 5** AT*^ * «~/'^rofT« According to another aspta oftbtswot n 
cycles a *bo re/leaed m the tacaJ ftfcmw ceils. Each ato * group of ceils bmWbn TerSTTS- ^«««r- 

r*m»ed. the act of individual bmirpouu thmtekl X tht "tnttrf- sua. TiJ^l),?.". ^TlZS^Zl 
leveit arc ri-mgnmrncd to tht aaaocuecd local rcftr- oani from * ««0 dafaad 
eace cells. Tht itmaoid levels reed from tht " «™«u 



«* cam. iu inrauaia Jtveii ramd from tht local to tmdervo tmuUr — 

reference celu tto eotoraaucelly adjn to cheagmg Tbes»Ec^^ m 

Uim^wrndcw'! pamuooug « Urns opcaaiJy nun- 25 mg pScoTtpphcW So^X^t^^Tt 
umtd. To« uehniqutiialw ntfol for . memory thai ML^dZbZZZ* to^panmil^m. 
tmpioy, ooJy . wgl. raftmct call that a uMd to read tar. rato.toTO^SLT ^ 

AcccnJag to another aipeet of tbt proat ovcrtxm. cnaca. ^7^7770? ^I™^,.^ 



iht iriraho|d ltvtli rvwmtca 11 sach cycit toiAtkxaJ » of FlOS. 1L XX U tad U anl 

merenct cdh art obuiacd from « m of aantr etUt drirtiikwul nh_ ^1- f.TTl'T* "■■ UL 

whKh art aot cvdad atent wita uu ««LwT3wT- ^n oj uona i eojccok fcaruro aad t4vvua«a of tha 

^^^^!° tr ^^ ) ; O^y-mikmoi tenpooo ihoold bt takco m co. whhS. at 
m^tS^rc^t torocBurt mtacry J5 comptnymg dnwtogx ' ^ 

la ona tmbodiatcm. tht read opan&en diractry oats BRIEF DESCRIPTION OF THE DRAWINGS 

SSaS T iLT^ rcfcr ™!. ^ 11 arcah erumr. that en btlS^ Si! 
cm bod un am. tht read opera ti as mdireetly aca the «0 meot the Mmu ■r T1 _ [ -.. ^ ~ 



lcvtia> 



. _ __~ "f* 0 01 praon avcaixs. ana edit mardin a la ibe nmni « 

•JJM^ ^ ,h. prop^nLd >u.< 1m «d> ■Jmbh,, of. 
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ctUiMKmctirzUhrtto»mtfttftfttcxjrmi^it -d the dna of ce cdiaceni celL r 

Bmuiuncouily: other n-doped rrpoo XX 

FIO. 9E Olesmos one rabodonem of «a I*EF dr» Eact^teBOBorycihnadUamMirnC' 

cut abowp a FIO. fP as aa EEpron ctU programmed u»t coBdacavt flonaae mi a ^ « t — — |i r — ^ 

with a reference cur? erne 3 of poiy&Ueoa maitruL Each of that (knu jets s 

FIG. fF aiuctnto • prvftmd bneiemeeuun of Dm aerroeaided by danacm mini to * to be axnietcd 

ee*bod«oent m FIO. f D in which each IXEF ctooj a Cram e«ch other tod uy other coertucavt dmu of 

provided by a cm cu t source reared ucxg « reference cm Brocinre. A ooBxroi fm 77 csoOt acre* both of 

evrem propmm»td m cbt E£pron otfl: theccUs 11 end U ma luracr to be maidaied from cfac 

FI O. K3 UJunrares another eabodamcst of an IWEF 10 float***, gates and dK ntewa mdt A* ahow* a FIG. 

area* shown is FIG. ID n which a reference esrat ** rnaflnrau nnpa 21 cod Jl en *ddnaon*lJy provMed 

a provided » eech branch by the nreidit mm of « one- be t— i*t^ froea each other end other conductive 

o*tor of preoewnaaed Btc eaemeatta of the atruciura. eervatg at eraae (saca. A aur 

FIG. f H LQuetraici another embodiment of a mo hi- °* traat faxes aeiiumni s ifae Oaeong sue of each 

rate read cram m which tht m em or y state of an ad- 11 BBcnory ceil aact art eepsrsoed from it by is enac d+> 

drcta cell ta acaacd rotative to a att of reference currem •*«n c ««y**- The cetta an aaaeued by click fWld and* 

levels vmulUBOooiJr. reyo sa, «* as repose 31 31 ted 77. shown at the 

HG. tl fllueouea yet another embodiment of a auto- crcee-eeeooa of FIG. L and region* Jt and 41 show* a 

au read cutuu ta wash tht taeraory site of as ad- th * vww °* 

dreu c*J is sensed reiaove to a art of reference can em s Tbeweaoory cog it pragrnaiail by traendcrrme esse- 

leveh umuiiAocostly; oom from tht anh a mrt If too flani cue, nch aa tht 

TO. 10 Oluatram a tpeafic memory orpuuxauoo ftoecng cast ZS of the ocoory oail IX The charge as 

accordmg to the prcacst mveonoec tmm nomDa « **» 21 » tacmaed by caaetrooa travelling 

• • . . .i . ^ mm u« _t — « »- . k n i • A . 



FIG. 11 thowt ta ticonths for srogruamicg a i« of ^ ritrj e ct m froea a baevfly pooped repon 4J 

loemi reference cclb accardinf to the prcicxu mveouas; 25 ^ 00X0 ^ flf * f1, I Qiarxe ■ removed trxm the 



FIG. UA ihowi ooe emoodimcai of # read arcxm ^ ena ihroeh the daeteak bcrwon h tad the 
oaisg local reference edit directly: mM P»«f erred EEprom tmictere, 

no.UBthowaarcedilfDnthaiuriheea^n^^ • p maei fa r wtmrfarrtmnf n. trt deaenhed m 

of FIG. UA: ^ 0^» mfwre1 .i 4 poieoi eppiicatiao Ser. No. 121779 

FIG. UA thow« ae alternative cvbodiaesi of a reed 30 ?... w Yu " ^ ^ God Max. 11 

ctrcua aatng tocal refcresce celb iadirectrr. W * * x P n * 1 y ■ ow PCTited ben by refer. 

FIG. 13 B ta e progransttbte circuit for the bisaed <B rv. ~ - 
reed»« of the euaier refcreace celb accordio S the , ^S^cf! , !!r l " " Ct 1 -* 1 J » 
aliemaovt tnbodtmcnt: „ * u . 1^ ™. ^ijf^ ■ >y *• v * w * tf m a 

FIG. UCiii detail arcmt diagna for the proeraxs- * c raegwar oaki^e of w»o gaoeiwor Tl and 

rvahif busisg omntofnG UfeV wuw,,re *™»* T3 m tenet a ihowv a FIG. X The Tl bmosot lie 

FIG. Ud'Z.^^ for the «»booV f/r^ 4 ^ 1 ^ ^ " rf ^ - rf *• — 
oatseofnaUA; ^ 11 of FIG. L It hea a variable (hreahoid vclta«e V n . lo 

FIG. U iUtmntei the read/proervs deta patht for a ^ ^ ^ the Tl cmanator 1 U « t he T3 treatui or 1 U 
chunk of call in parallel. 40 ^ u formed a a poruoe of the chessci U. It hu a 

according to the pment . n^mJk th< equivgkm croe of FIG. 3 art iaheed with the 

©in ii . ^. , «etne reference oeaioen aa oted for uutr w uma Amm n«m 



»w i*w |n ubui invvreuOfC * ^ ^ 



•ctortiai to tha prcnai isvcmiea: a. _ ,J —7 ^ . 



SO fhaed in e cell, ccereepoadiag to wiU rtafmed threahoid 
DESCMPT10N OF THE FUFERRED voltsm progranatd buo the eetl by appfoprtau 

EMBODIMENTS amount of cfca/ge* placed oa the Aoexug sue. The 

There are tntoy soecifk Eorom. M?-™ — " »* rfo ™«* * *PPJ c^aeenm 
duc^nt^c^^ „ r/.t«^r^W 

m oukmg a memory amy with which the vinoe* aa. 

pecu of the preacat umatioo are adwtagroualr m> Addmaehat FUah EEprcea Array 



^pht-Chacaer EEpraa Cell e * ny ***** » .» ^ray of Flaah EEproan ceih to so 



.n* m i^i , l^^^^* tfi, ^^ ,d e^Tl»pioraliiyof«di>i^ n 
toooratt 11 a heevjy o-dopad UBSiassed rapos 17 u oucd ta rows tod ooimnaa. Etch 



■o-Mwtw i nrmem eo rvewn 4/ u outs a rowt tod omemsL P^fc cell m ■ ! 

•* « «f " aarv. .edr» fo^cefl -Jaw^aaS^^ 

11 and a source for the cdl U. Soalarly, another e«~ tm»*>y. A crtZmZr far e«n«*t.^cJwLT^ 

pkated sloped regjo. i, tht aoerce of the ctU U memory «U tX m adp^ Ta^eTtD^^ceU S 




7 5,172,338 



t 



aU ' 71 J s -l!**?''rZ c *' am " 73 «d toons <um m n no. w: mZ*vL 



row 74 hu i he wortb-TTtndihenttimwhoih, nana I Tmdo of tnTcE^ ceiL TwlS^buSi 

word boa 7!. a row decoder fl aelectrveJy ccataaco prom array 40 «my bTSaciy pcJ^T^S««i^ 

^ Vcc oo « mpot U u> tU tar 140 or. u showa » FlOl tateW«ul»i«J oo 

*^^^I^LSr*^t^!l* i.'^i^^Jr^li*?^^' * TOw ' l~J Pow*r ccatrc) W. Cornroiaadlete 

Along each eoteam, el) the etUi hM thee? aoarcea lahag* earweea tbeccatrofler 1*0 aad the dtp UOare 

tocctcU by s source Hoe such a tl and til their drum suae throagfi the aenai at hat 231 and tor aerul oat Uae 

by.cniaUmsuchufXStoUttolUtlooitrowwt 211 Qcca^aag ■ pnmded or 0aWtro4ta^u£ 

coaaecitd m wno by the* source* tad draaa. the 211 ^ ™* mroucr v» una 



drain of oar call a alio the source of the adjacent celL ts In a typ-al operun of the w— chip 130. the 
Tom. the line 93 is the draia toe for the eoiuma « u comrallcr 140 wUi scad a eerul ma of to the 
wall at the toorw U» for tha eoreaa 7X a eoiumo chip UO v* itnaj a hat 3M. TaTuaahtooMaaovK 
decoder 101 *i«x.v*) r coanecu tha source voltage V, control data, addrc* aad aaaa aJceaeaoa. wiH be 



- — — — — » j wiu\m. hu, auuiua aaa ""nrt auareienoa. wuj ba 

oaaa mput in* 103 toil! the tourcoaad eoaoces the tort* out ay the acnaj artttcoTSofx 170. au*ropri- 

•Jong i scJccied coJuma. fipuls 257 to com! tha varus craea oa tha caa 

Each cdl u addressed by the row aad eohun m UQ. It tljo tends aa addms via Oat aanal loimZ 

which it a located. For aaaapk. if the call 73 is ad- 111 » connect the addmad call to vocWdoTooi 

dmscd for protT«mm,n| or rodafc tppropmu pro- froaa vha concrpikr. U tha ■aaiai,,, if^ooomaooa 

r«m«|0T readiai voiufo must be wpphed to the 23 pngrmmt. the data a auaad for proarimmiUa 

ctU i corm\ fita. sovct tod dma. Aa addms oo tha addraaatd eat! by beat icaTvVt scnal d!ute»to 

inttrnaJ iddrtu b« 1U it «ad to daeodt row decoder . « of ra^propaaTaSL^^ft r^aaamlS. 
•1 for coooenmi Va?to the ward Udc 7» coontcred to 

the contr ol pit of the call 75. Toe suae addms is aaad **** Qrcaiu cad Tachajqaea Uiia| lUtartaoe Cclb 

to deco dt co. ana aoooder 101 for coaaacnag Vjtotha 30 To accurately aad raoahry detartmae tha aanorv 

tooroe \uk 93 aad V, to the dram line 15. which an: row of a «11 a ln-Jn*^^ 

wecnvtjy coanecied u> the source aad dra» of the bacaate all the baac tvocuoZncTL ^Sderaai TSf> 

Oataxpec of the proea: mvenuoo. which wiD ba ^^^^t^ m J^Z^ 

ditciosed m^mort deuuJ m a iater lecnoa. a the unpia* r ^ of the pmem ia^mri^wSJ^EE. 

menura of pi ug it mm rag aad readag of a ptorahry of proao feasible. 

mtmoryc^ 'nj^tLiaorteriOHiecxtplunlitytf At diaeuaard ta coaarrboo wah FTO 1 the nrtv 

eolumm t.m«ltaaeoory. the column dacoder. « tare, grammed charge piand « it oo«a2 »te 2? JZ 

cofitrob tht .wttcmag of a source mWtrpJcier 107 aad a ««eaX pro£«naed S^SraV^^Vn ofihe 

^.ulnpleaer 100. Uthit way. the teiecud pluraJiry m call. Ocn^^rT^S^r tola ^ 

of ooJumn, may have then source l»es aad dma Una taount of aegeuve charge oo the noWelte 2?Th1 

made acceuaie for coanecDco to V, ««, V„ mpec. charge caa ^ b. m h rT SL TdepC 

Ac=o.u, I h.«Mg, 1 .ofcaebcaflaa^ t otha, ow^ala^ ^ Saa l^ll^v^ 

t v 113 or 1,7 11 «»««0 » tha crate gate device naienal. The taaa of Vn deeaaaVthnaiiaM 

^^r^^^ mtf «^» *oi»g*wa*owb^b^ 

addmi oa the taternaj address bat 1U aad ariecavely *rr *" i1 7 

coaaecu the erase voltage Vgc oa etput line 121 to an Copendng pateai eat^cahoa Ser No. V* l« 



— — ■ — - *^ «n «mw mure memoi r 

puctootu will provide for uaoitaaeowi erasag of aaay EEproen call. 

row, ofcelUaioa.ua* F10S. 0 aad 7 respectively Uhattraaat the ataaacr ia 

neeh EEproa Syttea «•» threshold voiuge wradew a perooooed for a 

Tht addressable EEom am* as m rrr ^r « ^ ""^7 f ^^n—ory ceu. (Of ooureeit 



Pjn of the Ureer -^fBI^ 

ttt preatai mveanoo u iUtsratad - FIG. 1 la the nuhTiL, dirtaJ^SyT^ * nAi ° 1 ' 
tarfer rynem. aa EEproa imcfraied arctm dop UO is Rcferae first to FIQ. i the aolkl ih „ 



Thr pth^ - — - aaaei vaiaat of Vw. ri| f ^ ~*^"«>*»tfr frr the 

* rr * jr * l * n * J protocol logic 170, local 347 reapectiveiy. Tbm 2-eute "—~ry 



, 5.172J38 
<uia ( a MTMpoMi ibrwhold Intl ». Tbia. ua ctU — ~ r-TZl? " ™* 



miy at r c wudmil aha ncaar? sb* 0 (er an* n rtm .no IT n. ' , * "T* * ^ HB r ln 



(or repon 34*) 



A 



1000 Jmm) resnacxrveJy « _ * — ■' — oi obcdi 

<~J eraae/pre^sm' oci. b.p» wnh » 5 lSS^l!Z^L TZ^LT^ ™^ 
which reduces the threshold voftage ofthe ceil ™ «^«cxjon. 1/ cychog o otttuai. the drnot r^cn 



WB1BD tousb uu iniwuH vomer of the ceil to as .lit, - 1_7T__~ , . - **« Tph * 

mui,»«^,omc«1«VS^nSMiVnS^ *^tTta rypoll, ocean bw^^ ixlO«.«d 
|f«mmm i »olu^«,U«iddf«Mdodlfar««.R, Bl Z~~75l5JZ?,?. E£tm ' 




frimn^voMa^mrepem/vesho^ , _ - ■_- — 

optrii«ocem«t^t^p l ik«iodMmi»«wb€n IS ^3 "°* ttom «OBm»e P 1 "" of V n » de- 

ii has been programmed to the desired threshold vati- , 

*«e levei st which use the programming temmsias. proW ™ ~ 10 00 ■* etaffit resesnon 

The programming voltages and dunoon of the puma 00 "^"e Toe charts on tha floaong fata 
art Mich that the pul»o advance V„ «croes the various *«ia^icw»wtM thmsh manage ow a 

regions rapidly ma tieh pulse a n&aaUy Am to ooi 30 P*™™ 1 ™- Tosjcsasss the threshold voiugs V n io 
ovcnoooc any of the repass. Tan summon voJtaxe ™**J°** lowar vale* o*t tana. FIG. 58 Qlmtnm 
and Add related stresses an (ha cell, sad therefore an- tha radoctna of Vnaa a faacxaoo oftiaM. Over iht bYa 
prova us reliability. im d«vie» Vy, nay shift by aa such aa I V. la 

FIG. 7 A iHumio the inutc case when the thresh- * aniiMUie device* tha could thjft tha mtmary by one 
^^j^jma^mpmnoa^mioruvTw^Ul. IS 

mm 357 by brea*poioila>tUmi54, Mdreenec- ^ P 1 * 1 ** 1 ovcreono thaee probiems sad 

lively. Tot cell a coatidcrcd to be a sate "J" or "2" or * M " M,IU afCOT ^ tcchniquas to retttbiy profrem and 
-r orTTi/ hs Vn a programmed to be uiihia com- ^ y»no*iasuf « . ^,h^. t ^ .^i^^^. 

■OMtdiof rrfKxrn i51 or 153 or US ox 157 reapecxivcry. °°*- 

A 4»usu cell is sMe to nore two tots of data, Tha*. the » ^ ■""•T w of a ccD aay be demiiaaad by 
four uum may bt encoded u (\X>\ (ai) and (00) «*»«ri»I the threshold voiu«c V„ prwramaed 

tnercm. Aheraaovery, u sei forth a ca-otSmT^ 
la nneral. if each EEproo ceil is to sure K itato. ^nion, Ser. Na 204. 171 the mamor> saVmTy 
rht threshold window boss be pamooned mto K re- coavtaiemly be rtrmnincd by measuring the diflcrne 
fwiuwuh at K-l threshold levcav Tn». only 33 ™v*»nan m the sottnnMrsis cerrern im tm the diX* 
one breakpoim hrvci is required for s 2-oaxm memory ftnBt sau% - 1> the ' arsis nemph, FIG 7a shows tha 
ceil, sad three breaipamt levels are required for s «. partition in the threshold vesum? wmdow. na TIL on 
, the other hand, lihmmo n^caJ vatoas of 1„ (»S 

la Pnnapic. s threshold voitip window may be curves) for the foar states is a rencooa of the control 
psrtiQoaed to a l*r f e number of memory sutca. For « »«« visage V ro With Vccat 3 V, the las values for 
«*»pk. for sn EEprom device wnh • msmmum each of the fear co^ooiorj sues c» be StniimsM 
ihmhoW wmdow uf 16 V, « «aay be partumwsd into kry sensmg wuh foar cceresoondrng wrreTwll 
m ^ " •PP~~^y tslTvolt impiiftars » psrslleL Assocuaed wah aachUnSS i 
^,Tt_; * mcr ,n EEprom davioni have » corre^ondiag reference coedacrion sutes Jna, ^ 

Q*uy ..orcd two tuia or one bn per ccfl wuh diesnv 45 (*r*w« as broUn curves m FW^JaTS t£fn«? 

^ ^ oocmuu wah . Pom, threshold lev* (as. no? S^TaT« ut^ 
^a^^lT°l!I- Pn0 ^^ W to solve otms««th«dlffeT«ret^«^ 
problam rclsie u> the uncsnstmy m the smoem of corresponding aoarcs^rem cams w^wSTsL ZZT 

ovnnc iun or toe dovmsa. Dunne protrsmmina, etcc- oarreau of a act of - m*mt*=**nm 
tram *» ihmmI r*^. .i l _T_ ?T * - *^ "** ■ ■ 



t*ectn«M in csncud bom tha Aouai mm to Um i ■- . ***** ** l "* r - 



tnuiiu ecu em «ad prosrw media. 410 term to raagacDvdy. Tha ■ant as 457 eriv« mmkiw 



ipteuvdy. Aaamacir. pyaanaamas votuao or to *» - ^JT L^^JTzP ™ 0> T. .* 

could he doat by csaiMno wni a menu umurt FIGS. 9ajV»crTl SLrXhir-2L.^.£^. £ 

option 10 rewt ifc. rrfcrcnar thmboid tevdi. Kt JrZ£T*2»>ffL jnS?^ C ?SLS7 

One to, rrfceoc, toJtT^iTfZ or refer. X <te °° fr O'BK) (FIO. fQI)) ■» L bmvy 
«w taMcva Mini lira fnrnd ius TWtW-^«^..k,..|, ll | ll .- ■ ... 
tacfa rrfcrtaca nil 400. it Una m mx Z-i~~- r-, «. V?-™ 1_T » ^T 0 * 4 ""^ » rwW •» » 

™» 4U. A MB* l„ 4» of ft. .pliflcr o e!£ ^•To^STiiirS; EESmZZSl 

U OBM«t4ri iKa ' 1 41 f ... ' ^ WUUB CtJ. BO .10000111 




i CBMcwd to Um md kg 411. To. mbm aamUWr nTniiiii 

nuutr rrfermc* cell 400 «nd ibe iddreucd cell 48. Is SnsStawI J«Sj!SL SP™ - ""! . <rf 

ourror conn,™ ^.S! l.TS^?^ M S^'o^^-.^^^ 

rmu ihrav«h :ar rwo len 403 «od 4U remit. « tk. Z«™r!!~_ ~V_T^ PunH.rBon. a *ikr~% pon- 

Vec or down lewtrdt Vj. TTiui. Ju nod. i T 7h/mrMnl (Wv,c * i»ia« J i» i ea or 

'I «i » ropecvtiy HIGH wblfS ^^L^S^L"'* 

doci M .u„ch 4U. i S^: rST, .TrSea^ ^ "^.^ —IT- ** «• 

«IJm.yb«h.Ulby.bieh4a»BdB«d.«liSS.,„ QPPre the cdi i condocnoo cunqc »na ^1 ta« nftr- 



ood ht 4U »d U« dr«n 4JI 7£U£££SZ. " ^iJlL <!, S!L ,1U " -*th -ea of I*, 

nunmirm of 1 J V.j.o V who ha dMmiVL « iw !!?;,"_ ""^ "ntwdj ajt daenbed cariicr. tac 

low a m. eo. of h, ll)Tf 1,1 swwpaittagioo »» by boai divided ap auo Uuac braaeaa. oa* for 

to f ™cr»L if oca »«, caU a ta no** K rate*, «Jlion££^^ ^ 

then ii kcu< K- . or arafcnblv K r-/., L1 __ ,__rr <« nmuiiiMou. or panltd Boto-aat. mxavi 

ettd be prevMaa. l^cm^ZJLT!^^!^ " n tS^^ 1 * ^ ■P"'-'^o«4 r, 



««l of rp**d< bat aay tsraad (he *v«tala« Jm**LmmZ ^^^!^-T^!f BB rf 

eaiT«. » tarn far proper a*™,, . u„ m>uktuu ^* Sl^^^oSL^^ ^?i? ,d, * , : 

c»t Thai, for adiwui. prtf^bi. w cxao- eS. to~c*££J*lZ?7^1?™' ""^ 

pare UwaBdraBrte«Uwnat».K rata-— ^T--!? etai"**^ cmbodanaii. . «.aM»«Baay 



» tajpioyed io rcprodao » cwmai suo oauy ( 



13 u 



rot coruprao a ftro mnuar 910 oa a ftm leg 920 and einjal (eg, 64) erf meaiory eeita to ahereU*aan» refer- 

• Mooftd rraaiasnr til. fil m ratpcciiv-cjy on onaUfornfllamMttLAtruawrMLNI 

«MD»Tiacftm.m....nSo/tMcondk* When- . . . , Ml mocuv^ m each of tat lur emu Ot 

cv«r.ttacufrcmfie^mUufint)tt9ia.ibcMomd Ml . . . . ttJ serves a* * carat soa/cafar amrrm* 

iraasmox an each branch of ihe second leg behaves a t 5 the rnmrtocnd reference carat level from esdaof ihe 

current source aed supplies • reproduced correal m a* reference cell* 43L 4J0L .... 4Jf. g— *■ crasser a 

branch, The mm of reproduced anni to (he font controlled by • reaerence voltage REFL REF1 

current scales according to ttat relative sus of the REFs at as gats to produce the rad^red reference 

MetwduuuuoT 91L9U 9U io the 6m crmminor oral levels Uxn. Un.... Ij^,. Each reference 

* 10 10 ^he^afmuJMdoycREFofCufri. 97|. 

Io tae present ca wxiimmt . tU the tranearcn bev. An ahcraeave vara* a (has each naiaaaie ML Ml. 

(he utw tut u denoted by the tytabol -X* shown in , MS aad the ■■ I KZF circuit 9TL 971 

HC 90. This rcralts in * one-io-many current mirror form a doable curat em const by whier/lia refer, 

w which the Ans carrot m the ftnt leg 920 a ideno* ence cuiim of each reference ceP 431. 412. 413 u 

caJiy rerwnduced in ail brencfta 92L 911 .... 923 of the is rcprceJsccd o the oonducoaa carat of (be masmor 

second leg. Thai, when the eosdueuen exxrrtm Icru *f ML 94a .... 94*. Coesdenne the Ijun ctrcait 9)1 as 

in tddrened memory ceil 420 flows through e read a rvprnexuaove. b GOBprtta the lnausnor Ml u a 

enabling rwueb «21 to the am leg 920, the asms current carat source for 1***. Tat lax* lave) o obtained as 

lexu a reproduced m the b reaches 92 L 922. 92S a reproduction of the conducaoa em of the refer- 

of toe ftfcosd teg. Tmj a achieved wuhout dUuuoa of a en cell 43L The reference ceU 431 rappbea a refer. 

lc ftL, • , _^ , , . . emoe curat I*** to s fijit h* 974 of the ftrn current 

One* Jem. n reproduced ta each branch, it a coca- mirror ttat geu reproduced hi a rttl let 977 thereof 

pared to as anoaated reference carat level Tha a Ta* aaeood taf 977 of the fim correal mirror ■ tamer- 

aficompliibcd by alio dnvm| each brtach with a «• ecmcctcd with a first let of theaccood curat tmro 

ond curmn aourcr 931. 9U . . . . 911 m-toe wtth the 25 T*« the rrprodocad rt/cnciea carat ■ m tura rcprtK 

fra CBrrett aoarcc 911, 9U . . . . f tS reapeetrvajy. Each duccd io the aaeood leg Ml of the accood imrror by the 

aecocd carrcat lource or Ja^roraw 931. 9J2. .... 913 tranxaaor Mi. OaBcraily. the two correal mirron are of 

roppiics rerpecovftiy the predcTcrmmed rt ference car- oopocne poianry. For ^^*^> whoa the REFl cell 

rw« level tuch aa laxn » Inw Ml of the firn branch. 431 a an e^coaonal sraaawor. dw ftnt eaTreaTwro 

Utn ta Unc M2 of the accood branch. . ... and Uxn » coaipnao of r»o a^chaooei traaahion Ml and 9t3 of 

alioe9nofiheluJibr.ocJtTo.mew aooai toe X, aaTttaaend corTfaToora^m! 

determined by aeottag (be locasoo of the lean lavsl pnaea of two iwchonatl va&aiator* 90 aad Ml of aqua! 

relative to ihc Toe acaaed outpoa for each state am **W**. 

dCBoied by SA1. SAX . . . . SAk m FIG. 9D are reaoec- FIO. 90 dlscrraiea aaotber cmhodimcAi n which the 



lively derrvad from a oodc til of the fait branch, a 19 dlflcraoi Ijlbt leveia rapplaad by the accood curat 
aodc 913 of iccond bnnct. . . . . nad a aode 9« of the aooree of each braoch art all eaamad from oao refer* 
k*br*^Th*^m^t^u*>>mmimi*m>> m aoot carcoat 971. Tb» rtfcraooe curoa 974 providca a 
the ftrn and iccond current aourcc. In fcncra! the r*ti raieren voliaft that a applied to every late of the 

current aourca art of oppute polarity. If the eecond timaaaBorMt MI. ...Wo/ each branch rtapcra vary 

evrTcni aource ML 932. .... 93S a an e<baaoci iranaa- 40 Aa io (h* cmoocUmcai ilhmraacd m F1C. 9P, the refer- 

tor conoeoed to \'s on oar cod. thro the ftnt earrent eace volute serves to mn oa the fraaxuton/However 

wuree » a p-chaattl tranautor 911. 9U . . . . tlJ con- the dtflcrcat Irvcu of l^t across the oraachea arc' 

nectcd to on the otacr end. Orpcadiag oa the now obtained by ad)usaa« the aisa of the tramacon 

rttanvt )evcb of IctLt and !ur a the two current ML 941 .... 9*3, For example, aa ffiairratcd to FIO 

lowces. the aodc a ether pulled up towards VccOyp.- 4j 9X3, tha traaautora ML MX .... Ml respecuvdy have' 

«Jly. 5 V) or down towards V, (rypicalh/, 0 V). For saaa of PW, J«W x»W, whcn U: m 7 K 

exampic m the firw Draoch. a curat lau a rcprc rus*,L u ry m the same run « lax*a«^ . . . 

duced m Use 921 aad a currenr Um » aopplied in Une J MMa Too same reference crart 974 awybea coa- 

941. The .ode 911 a rcapactivory HI OH (or LOW) .aaa vottaaa aoarca or . arcml mvotvaTa reference 

wnra lcLU o trcntcr ttun (or lass than) I«x^. Thus, a X ceil aiaukr to the REF orcari 971 at FIG 9F Taea 

memory Rate havtng an I OH thai has between la^n applie. oaoeT the aarosJ eomat tmrrcreig condiocm m 

aad laxn would only have the node til HIGH. wash the traramtort m each brtach such as Mil and 

tbcreoy resulting a a eoUi-natc output (SAL SAX ... Ml are biased ta the aatvattoa regsoo. 

. SAl)-(0. j IX n0( 9H oiuurataa another — i^innrt a wtach all 

l"i*^.tac*\M £ rmmtni.m....,mcMmbt S3 the accood correal sources art the same across the 

a curr ent aour cc orcon prt-adjuaiad to supply the van- branches bat Icxll a rep mU a u a d by the ftnt curat 

0U Jrf f ? C ?? C ?, oirmn kvets Iatfu laxn. ... I* VI aource into each Oraacn with levca scaicd accordot to 

FIG. ft Uluscrsics one e mh nrl imrm m EEprtaa ap- the gradatioo of the rctcrcaca carrcat levaav The iLi- 

^icMxtcm » which emch l^rcircun 93L 92X .... 931 mg m efTemad by adjusiiag thaaaa c/ each aaeood o^ 
*» ^"f?.?**^-!^*^*^^ trr • «ct«om«. oaalS «31. 4K«. . . «0 seaor 911 9tt . . . . 911 For cseaapat, a. mustrased ia 

433 wmch a inalf aa EEprom ccfl aaatla/ to that FIG. 9H. the aaeood tnaason 91 L 91X . . . flirt, 

described * coooectioa with FlOi 9A ead 9B. T>ea sfaaarveiy ha^ oaea of !«X. J»X. . . . . R'X when X 

the rrfercacc ceil may be aaptieahte aa a asaater rctcr- a the an of the fim traaaasor 9M ■ the fim lea 920 

etice cell or a tocai reference odl to wtach i reference tad U: . . . * are rsapoorvely . the acme raocoaa 

FIG. 9F illustrate* a preferred rnsplcmeaauioa where a used across tha tranches, aad fartharmora, the anas 

each laxrorcuit u not provaied diractjy by a refcreoce of ail the tranaison ML 9tX .... 9aJ arc bow i 

caU.hut rather hy e rrpmdacDon of it Thai taabics a Toe angie refereaca era* 974 say beat 
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» It 

•It loorta or may tM • orata mnlm t t rCtrrac. odJ art micrchUBBt»v km Th. n_ - 

•a*o»d ouitm icwa HI HI .... HI « mad* to eysiug. diffcnm Fit* aaam nn aaihT T l ImrTrT 

HO. fl alumna ye iooih«r rrnhnHmou aTii..!. sun rx/crm ijT \Tt^--l " " 2. 

Ifl FIG. IG. «mm IK* iHmmim. a/ .l. ^ ^ . . . laHWH «w w TUB R6W 



- Ft/- • «uw to uii in tocAj memo* eau umnd wuh FU*h atuv 

wwu. a cch bn»ch. Uu icceod cmrtm toarte nch «ctor SO with rape* ^erac* 

•J Ml. flZ .... MS now «ppi*s t reprotod Jcxu- lrvca 1 ™ 

lata a* - - -* t j * 



wwii. ffl uch breach, the tccood asrrxm toon* neb tenor 50 with 
uf 31. fa .... MS now applies t rvpntfoesd Jcxu- lrvdt 

I^J! bT * " t*£*med wmory eel) 13 HGS IIOMIO) xBrntrm the 4 gorilla, to rr*n> 

cimm «77 fttdmj » re/em*, value* MC to every run . •cctor'i nfemot ceik k net 

now rrpUeaJ *» Uc aderaicd memory ccE US. San- X cell* metedau ill iaZuT7_ 

nil 'U. .... f\t a tht oscte-ausy earreti mane. [a* laetl refnm h.^TTT. ^ . fl 
J X.....K-X whertXuihc.Ko/thelSflHBma.TOr rc/crenoc edit b ike accaor. AftotUtbTtaS ™— ^ 



Aaoiher imporum tmun of th. pmm nrvouan SSnS^oS. ^ihoCfc^rf^S?^ 
^.^"P""- P^~iy. prop^S I^^^to^JST^^T^ 

io«l rtfertne. altaln^oei to^SSS^SLf « tol rrfcrtno. otU. OT dmal, » r«*J or pro- 

ati .WISLS ^T^", 2?« "» —» -» .«•■ k-TrS^S m 



e^iav u«-^ Ztt. p— ~- • «w wb oi u» won tool rtfomo 

fuiAuutd w ttau^m«I^«T2r^ " Umfore 40 refract edit dnaexiy to rod or pnpia/OM vcrtfv 
«l»^v«SJ^ l, * tm «7 or y car* the ieaofi tddmud «norv -rfc ^ X 

nwiy rvre titer mssy eycia, «*• . ' r T1 ™ 

coUcenvehf mM i IL-Z "J" I TT ■ " ™" c « m ^ «*»^ «1 prgmnawd each to n of 



coikenvejy eruea or propimmod it edited • moot. ^Oa^'';^' 



_ • — — » aw ■ war. ue desn 



«^i»i»atioeuca^ M or W o«vK«i40di^ oidi tte ioai ref, 
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»«or U» «vo*va tht turn Hbatmrni nHaiK 5 rtltov- u? tht kxai rt! 
Ftrct «eb of tht local — * ** — • ■ ™' 



bta Ul » 

. . - Th» ■ email art 

a UadMt ttL 411 U eta way tvery om a 
i«i ikt Mtttr nteuct calk m - - 



*** f"" — ntM tot tool rtfcrtoct cafe I3S to m had in k>emi _ 



racrraot m maim iad to tht ftm 1m 441 <_* J _r mn , rilJL , L ***** u~«w. mwwja. 

•noavcd wuh each outer refract oUmmw Mad. Tbt auncr rcftrcoc* «flTiT^— — -S?2l 

to opiomUy tautA. amttogfc t* fim tog 441 of emw to uSTi 

P*tud for all brukpont threshold It** tht addratd ma* etUi (FIO. uor4>l 

ctlls m ih-j icctor art read irUtiv, io tht bMdjuntd Tht nd aramTtti I ob«« 

maim rvfcrtact ctUi Ton a tficad by festohnj tniioMd m tba om^L^^ 

oa» ■ Vee <op«m. cydas bri«a or odxx tend » .d ^TT!!^^'' 

cftca which air. ov«t UK ena ihrahoM torn- croud i. SbJZV^nTS !L-U-T!.T" 

For ample Dm ichme mm p~ . -7^ m«b • ««nB«l eemeUy. 

tddnaed edh ween iht atner rcferoaccUi «t JO Ai n»Ll »«»>. „ ,„ «. , , . . 

poweml with Verwjj v m ntmaaOyrm^l iJmhSzS " 

«« « v«.4j v. 7» d«r«» 2T£St 3rr«»T»t SaTii^'Sf^JiTTS 

•huh would aon M a>e«i..eh«|tmih*v«hierf mwiwaTt^^ ^^JSS " 

|h« tamkpout UMhofau. ii awruad k r a| la JJ S^J.^ZTS^T^-j,* .."n™ 0 ^* M 

<*» e«n« - tht « of mSS * lautTh 

Pint fin : j__ . w .. ■ ****™ rrLTMj 



fo the «m imrtfier rfim ^ ^* ™ tcprom amyt when tht acaory odb en b* 

ZSf—Z ^! ( " nz ^ wm i car* 4S akdrvknaily *ddm«d tm trao. 

cue i be esjrvm a the tint 543 is redyecdv aad oilaV> m*^ ^!L^Z~SZ !L - J^ "^' IJA - ^ * 
w« for tht Uncr oak. A* ■t^a Z^S-S — ' . » «** '«»-«d- nau, s n 

for th. ^r^^a^JL^Z^. ^bon^c^^B-t. w«h 

rtna in the two top of tht mom i amottte m _ « ^*^« tarwaaow i«vt) (graad mi) adjaooa tht 



raumcaied to oouide tht chip. Tm» u dtxtcud by tht thmhau u^L ?*! twp «g~>«ft>> Rm, 
cootroUtr (im FIG. I) which - t^^LT £ 2^^1. U aLf^.^_ 0r ^ " 



wmraucr w no. waeh » m mm th* eaik. ottat rU TT~T- TT" 

....k > ■ - ' • aomt piotiiiuu&at. thcrahv uituim i iiya. mii. 



«l *u iu£ tht^r-^L^^ 

iwuehu.tffltr<mamate O. Chi, *ro f m Vartfy 

Uwly. taothtr bank of paralU mmon cwTt. a!T . M ? r * mm » 1 « 0/ an EEptM 



19 3 ' I72J " M 

WiTOg^fy^a«|nmUlMRnMd«n0.1 — - — rfrtr Iran <\m,*m\ h 

™" raoo 1 procruunni » fvd and m tA iw ~— *k ik. ^ . "T" 1 » or «■* 




i 0000 piuyuuuag a raid and am bat* to tte was tbt> K«L ojilj . ^1 ™ w 

£oto 140 « CTU MO vrttoa- ^ £ SpH: ZLSEZXS Ml^K 
i«J mi TVa Ktant piacai • aovy pauiry as .T7.T "^^ u fiu. «(•). if a . r rod b« Juh 



~ —•«. i u nam pucs t kovy pauiry oe to «an wnJ> rtw „. i . - ~ ■ ■ 

ipraonmojai cnaut woes da- eaty tm aovtriAod otis MnZr^ 2^ 

»*■ Pfognmaua* of no*, calk ■ ih* ekotk .hau U 7 -7-« 5-^-- i™" 

«-^-~d,h«^ comply. Tlo fa™. oSTa^eSaS, ^^lOTS" - 

to ccmnJy. lope ao carp CMmuuuM tkb&an —tilt mtZ TnZT^Jf . 0BM « 



pro* nana, a*p otu does oot Mtd to bt ihanLed ShtTrL . Ilrfm^TSS^ P "? 1<B 
itaE£pn«c^^thic«xm^ 7U. TU ni if 0 ^? 1 " " 

no. uaiut™^^^^^^ fori ^^S*^rw««-It 



tium win s« #w& /-k.M... ... ii. . ■ lac coasptrc cuan JOO t 



finer iv/ lucorvery eoBAtcn tM N toiim af m« wn, ™^ reBOMI « » 

•ddreucd chunk o/^^t^« \LI^V.t w « ^ T m m fUhaumi 

K^h-nnd d*u paih |«T T^^S^^S^ ^T^^ «^ «ch « 111 717 « 

bv liM ftm^mm ^w^. JTT^ ° >rr, " ,U WOOiS O AND tttt 711 IB HlM ft* «m.U 



vtnfywg or am vtri/W P^irtwi « itt «ta wherwat. IWtmttg atao to FIG. S, tiht 

T>m «Uu to br propi^cd into J^TTlT^rL- Z-J^Iz 5ff^ ^ S?" 731 " MW ^ 
N*L uruv) diu bm tottiJ^r w»d iddrat-v^n! ^7^*" 

r- . -t,,,^?^; Jr,£/22 at x no. 1 1. m «£l tw 



cm* uuj (U otU, B a vtrffta to M ■ tat -tZJr ^tT.TT* V 9 ' t "* c * Iiy *»— • V » » V 

m noS. IM1KDX la FIO. ISOl «hTH»L btoaT M V^v^^^t^t^ w"* - 10 • wm * WT - 
par»U«<aiiauiel«»taieh«^ i«liS ivT?,^. IS.'L^i?!? ■«*■■"*> »»•• AND pit »ba 

»«d ih. nata ia iht N eauak of crili ^«=S»«'» '** TH»»-e-.SMmumasmt ■ fa. 
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wn way, every tw a progmau « if *m ■ " B " ™*" aMriT> - 

is otiy tODiiad to line e*lk »*^k Wl 



— •„ " wpwMwy NDouy a imp irmin « *** ,v —a 

PMUd prpp^am, aod on ctap VS^SS^ 
mnhi «■ w aa aaBor. a 




Vnahit Comrol of Voltm » 0» Comal Gut 

TJ» ditfrta of FIG. I is rrmiim i>»i wfeh _ •■ . _ 

pIM » chc EEpron in., ■J^^ < . th ~ toM f "H*!** 

imam of ckc EEpraox Prior iri EEprom divas "» rf 

10 aaw> * ob« of two volutm. auntiy S 1 **** ■» * "aor rrftraeo 

tf» iuppl>aj to the control nuV na tjlowai u> bt ^L^L S^ETL ,d ^™ - ^ P™" 

nnn of «oiu«» 71* a provide* by V w fro,*, SLTltSSt, S^SL"^ f * " Bor 

ft»«o, of to EEpro.. „ t tZ^SS^^-? a ^'*—. 



TO. bdp, » Mt. «», p, opMuaea thmftotc well £ jo Sy* ^Zim.S?yy tUS*"* ? 
toMciwob • ibakt nsrta. In mot vorify. ibt odl ■ i rv. ■ 



— —Suctd Vfcto boi tte call « — «. .Jr . - i »iwb m m caaca 

arte rTlC. IBX^^ ~"i«o >~Wo. <W- u f£fT?J!f ^ ^ * ■*» 

«on. prior «n EEprem, rm«a y Hm^T^f """^ » >CTW ^ 

<*rrv« tyy Vcc C " TOO «" «• «ho • m of mw rtfencc oih aoooixid with tht 



rust of tot progimittMd "P?«"?tt»g —» for «cfe wooriteem. 

Vbik to. «bo^u^tb^«^ .^r^^^tt&rwiBt^menZc^ 
«ar a*o be pou** TWort toTm^o^S ZSSZ^^^l"*****^*' 



to proueuoo wutn coa fuD m «/ 127 pwinrniimuj throoaid tbema. «od lot act of sndt- 

cUixm. ™ *^ of the a*|»o«J SS ««~ood lo^mooioa « c^«^^ 

tncaUy mcahia aad mjiji_L... .t i. — — """ Tr cell ia cJecmcafly cnaaak ami ma. 

u«v type bvd| § aoorcsv » dno. a cootroJ nat> t i, M ; gqaory «yw«B» 



a fount mo capaok of rcuuBu a chanclmri *«LV? ^-f , 2!^ a, ^? , Bowy •y" 4 * » 



» o«na| oof or tbc atflaary iiiiai n. im«Mv m L mTT.1i" ! ■ w ** mcocw occ* 

MJust m a deftoitc mcn»orr una hT^T, T iJ5?lJ ?* iih> • ^ P««»aa-^W tnooMry (EEorocs) 
«f ,c«^ of cao4^^S^ 

tad co true cicorodc cJSkoff.SS 5t£?^ """A^??* ^ tymami^ 

chtl.^^fl^^X^ !g^J-~> ^ ***** ' comcpootot 
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aatuuamaty, ori aid mad out • < 



r. on aa ana? i)ua adadnt ■ n Tk. 

•u-.aidmdB^^waa.pn™^ SSS^ - , ^T ho,d tn,,,, * ***** "■<»««*■ 

m«»n«.o( Mm , n f m «i wfyau,. -!«■"■» 

******* ****** b-n, —u n ^Ti '° S a J*?^*?-tj- ■ 



aids propimatd ihmia. aad bam* caoatwMad iftLt. T L2Jlz!5? • <owe * * * «oaol 
from EEprom «U» of the ^.7^^ KE£" * *~ 

rgp r o ajauiuun g aaai far aaca atmr after tnm a «uT?ti«!Ii?T * n ^^^^^***4tkmag 
OWte^fl^toiiB, tbt mi of praoaJiraS S^7!^^ tm ^^TS^^ r9Born ^ 



aaaas for idju»an« U» ia of pmJiij.]_ i .nmIl » tteg t * friy 0,1 

to sabuaatiaUy mate* Uaai fro* tba an of itexar _ a U 

«**w»ca mno caiia; tad "ESLS^V * «**""» ««wry «0 for 




rvadni mcsm far caapanaf u» thmkold of tba 2?S I J^LS^2SJ ,v,i * " 

ocicmBUBg tfae HrlriMn) oafl'i 




^ - — 

^ tat Jbsrad caarga of* Uat addrcMd ocQ fica, 

amy of , nln^v ^a^*^^ ^IL^Z_T *^5tr ** ort-V 

. fWni ,»„ cM»bk of ita»oaa| i chart* ^ Uvr ,~ l ? wka± ««* •ddrwaart call ii pro. 

•rammed uito n dunog m of ttommty , t^blTT y*""*" *f *^™ ml ■*» »T (bt ihmhoid 

chargt from tud Ooatw^TS mS !laa«r7J!S " ^ ^ " » wha5^2 

rmmmcd «*«« of an «idrw«d c^SZL^^ « 11S^? 4 1S , ^ * "pet*** aSJeTof 
Ml ""-"^ m mMdauuiii — — 



trrty of goroSTS? .J. 1 1 * « *m y of a pfrrtttry of 




~ « ™» m am i«e maim i a_l m c : "~ — *-* » » » ora 

ouctod p™«n«aai ttmk. » «ta w«. arf daa ita » oaaalal by tta 



mam rapoasvt u> uid u loo | M I*"* 1 rf th *V P^IfmaJ amc » ««. 

-~«d «u Z to'rf^JS-l^ 



^i^S^tKaM SS^ta^=T^- K ^ 

» Tht ryntm as ta ctta-a * wtmai o^ ~w Pjoportaaoa] to th* cfaaxar kmi pro waauaal isto 

•ynta (a aiao pan of • ryma lb/o««lIl!^2 - ^V floM,B « <^ of t|v> ad ai i ■ -3^^ Bn ° 

nwory otJb a wiica ^fT — ^ 10 * ■«« «*o of aaid avawy o 

•acrwaaulJy ry tvpcutrw atoavaa of m .TTr„ °" '■!■•«>■ do*«». • 

» v«fy Ua. », pr^rti.iu^SaTS 
oesred naie o rttcbed. 
10. To* ryrtRD aa m caua a\ wamia tbm M 

•wroied cdJ a anaad to taa araacd oaxa by 
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i ehartt of tmd adaraafd csfi a ocur- 

morat^m H .ofiaform«t» . ™ _^S tr rtfl 




WW «« mi or ovornataoa j cw*, rr *J7T _ 1 «>■■ ■» 

IT The lyva o * duo It wfacta the rod*. «««ini^ 0r -!I!? M<ttf * '* tr »* 

»«Dory coll* » which etc* »4drmmS^k \Z nT^^^' 1 ^^^ 0 ^^^ 008 



FianMd to i dcnr*d ■utr^TamT'iiM tbraaaM P r ^"^;u'Mil itiwiiiihi 
dairtri sju ii racbed. " "^ J ^l " " «Uno rem^nud to 



w* >■-■ auiag nan aKiaon ■ X aod m4m» tA — « J _ ■ w '> """ ,l " i 

«n». «m» ami, Id «u«?«U ? ^L. 1 ** P"*— «« *« 



*od uid rxfaxDc* mcnojy call*, w — 

orcwi chip, coapruia*; ITT M . ^ m - ««« » 

■ «i of«TD.p EEprom dl, tooc-rf ^ , ,^**3L2* rtl > «*•«»««- "Ml the 




simp tad coawmtM thtrdroa. then** *T lT- ZJOHHfL* . 



MNM-^ieuiul, rm mid. of .iacai, b^.S^^SSLfSl.'^ ^ •™»» ^ 
for propnou,, ^ jm***u r .ddraS *T™T^S * * ^ n,ro4 



lira. nMint. pro piuuBa « tad rang of 



4im»el« EEsma etlliT * " * P"«*»wa»»amioEEpro»»e«fli aciodiaf am far 

for enaog asd pronmouni a hi of ™ k kB pmptm « ia 

"«EEpro»etitaih«eorr«poil«^1^4, 1^,"^ for ****** i«t pro- 

repropnumni Ma Uktr «? -> — of urtd aw. rtm iht nnpro^ 



f^Sj^,^H^ «*• "» <* P«U«nB»«d «». far iUftiOBt fMlh. -nan.. -/ 

itatok) lev*, «na th. w of au<ur rtftmn i^^J^^J^.r!!?^* a, .°" 



•rim. mmm for forimT on 



rudoif mem raponsvc to ngnaJt from ootads of 51 ZZZJZVZ!?"* ■ P"* 

-id chip for coaowiflf tbc^hoW of « -? ^Jf^J^!^ * * ddfriia3 ^ iaal^g 



w,» to* an or prcdramoMd dMholds 35 a flnn*^fa.Z _ ■ JTZT" 5DrT * cu y- 
pro. e*IU .ooeatad with ■S^Tro^T «^JT^!S^?* *™ B rm,to 011 £E P«» 

Kmory aaiis at wteh each iilrtraanT Tn ^ Zn r ™*°« *^ pro«Wma»5fa namory (EEoroa) 

awrw am a raschad. «j to m« propimmaf cad nm of dau a cot edl 
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age eo&ditioaL i iytics> rtndiai an the EEam — 
gnud orcuM chip far protnmaaa ditt^oJi 

otuTor rotrvmi itphwhty of aoa^EEpro* 
obi*, mm far proajtoxming a partial MOJ , < « 
chunk of dm into tht pivUiry of addmstd EEsnn 
cdk eod toe** for vtrifnng tbt pro«itt«tdOMk 
•teh of tht ptarmoty of a**rcacd EEproa etihwo? 
tAt chunk of Road Oju, wttrta^hi W 



m» for farther progrimmm, of eor* 

mcau for further progrmmmmg ud verifymt is w. 
aiitl the pJoraiiry of add/eaed EEorosTcelb ^ li 
mabmng pregrmomag of corrocUy vtrtfad EE- 
prom etUi vasal *Q ihr pUnast? of addrcacd EE* 
prom ccUi at verified eortccar. atd wten 

iht^yimjama.cadao.siiy^forrmdm.ih. 
■orrtchornofiooddra^EEpnttariJ^^ » 
na*o defiud by oat or am predttevuad 
rhretJtolda, iad ayaca for reeding tether eem. 
praiog; w 

aa ar mart rcferaoct oxaery EEoram cells that art 
cert rcrpccuweJy programmed wah a ehan* tiui * 
aubtuarally cormpoodt to etch of itid Tot* 
sort prtrtnirmiiaj lamhoidK tod 

oaans rvpoo&vr to aid one or oat refereoct EE* 
pmoicdi, far eaoBMnnt iht charge level of eo « 
«J>«-^EEproncd)%wtfltnwof««if«f( * 




ifrBOJL^ 
Of tilth*; 
— . — > ecOi of *< 
• on of smncr refcrcoc* EEpraa etUi cooBituud 

aflr neaefly tddr raa i W EEpreen oOi» 

"yj sy iL^ ij s^iliis o#»^ chip 

UhrokoWkCS^S at™ aaaeTtST* 
i otih that oormpood » » 



_ tot «fttr erum of a 
. lor rtitXrtiiiii tht an of 
thmhoids from tht mi of 
cafe to iht 




^jE** 00 * c *fl** thereby ocitnoaag which of aid * 
pltrmJay of aid cored rugo thti ih« tdtfrnad 

EEprom otU lia. tag 

ft It to «my of tddrmhl* iMi^*..^ ■ «t» 



•ddicaalBa^MUjr «taibk ctfl of • pvt. 
*«h tht at of tjodtaraaad thnatoJda 

en* mm^SfmU* 
H- Tot aeaory tyata •■TffrS* *^ a^.. *» 

toiBBr reference EEaraa ctAa to corrapond to 
farooa- 

whh tht to 





XL la en «my of add ramble eeauootdtetor eaetfi. 
ally ermaMr «td Pforwmatok^a^ * 
«ib ot 4o merited orcou eo«. a* a«ory^3i « t • 

bcttg cfUitty|ah.via g .«^ 4fl> ^7 00 ^~ A It tt tmy of toilraaelt 

t*d *n cr^ tJecmxOe rmxpu* w vohi«» fcr ™ a5to ^ Pn>granoablt tnery (EEprom) 

!h f ^ • ^^afc neaory »"77*tJnt(\ ***** propi aaa g tod craag of dtti 

by uiCTvatsn or decrtmem of the din it«dl«m? f^f^^I • Aoaag staetpohitof rtaiaj 



ftWll^llM|||ll| lO 0 



_ of dtu a tht *\ 
of rtataag t ipaafie 



■ o of dactfl. paAth^*« p^w 



' of tht chtrgt laaJ wnh 



by mcrtaan or d«mm«t of^cWkv^h 
age cu^niottL a rysea rt^ToTihc EEs 

grwed amn chip for profntuu dan» >- 

c^iodadiagnaaBforio^^ «|aiwkat of pro L _ 

fSS *!l^Z*7 ra> ^ * f»la*aJitT or aaMraaaad Stamen ^T^^l^f^ 08 * EEproe; tta- 

ceih. metra for prograaoag is owiOti taTlt^ _ > "! ft1 Qratt fe» p regmmmg ItTitn ITioim 
chwu of data uuo tht olwt4 ^^tgl * 2* f « taopa^p^g" 

ctlh. and means for venfywg tht pnaratmtd daaa 5? 7 P*ogr»maag a pterUfry of addrtacd oik 
each of tbt piunirry of addroad £roa cta/with far pr ogni im un g a parallel the «ortd ehaaTof 

eompmo. mmm *vttpm$ tht prognaaal data m atcft of tht Btaslftv 

fflcatu for ahOuag fWthcr proartaaa* «^maed otib with tht etaafc of ~ 

rtctiy vwiiad caib aoai ^ J-uL^Tl •ttrta tht aapju w aia t i ca 

drnatd EEproa ctJuTaaJ ^""y * mam for coahlag timber 

mmu few ^,ki^, ^ mh<r nnurt--, » P«aiW toooeoraoreofUa 

i» mm^r^tTl^^^ in -^•U^pHrmtoyof 

i 1 *^^! protr>aaatofcor«iVZJSrj^ M _ 

«ml ail iht ptarahry of adSaad oErW ecttl * ^ & ±*r*mDy pnsnm . 

art venfied eorrtctJy; ami wtava Si *? y "fl^nttl ceU airttdy vtrtfcdTwhia 

«««*rrty of EEproa etUi art ajouptd toeh thti til f^^f farther progratmag a ptnOel to all 

ce^eacht^ptrtertaerMS^^ -^T ^JS^JSS « >« ^«at 

whertm ■» Tot ryttea acoordag to can a, 

iht wtrifyiag aa ^i.^ _ Wjr , . . "?? or 2 C * U * ■»» at rwo aaia. 

cumprSi; * fwtlw A Tb ryata aeeordltg a caaTn. 

r can btv, boary taua. 




^ 5.172J3S 
tt la a enwy of i d rtrmfa li ema^octor atom*. . , * 



ally enuofc progrinuhk enory CEEaroa) "S^L^S?^ "??f 10 

^prerMMt^e.Mgrf^i,^^ re rill tZWaZ ^nT^f!.^. 

■y aancu or aaeraaaai a/ the efavn Imi m _!___~^ °™S progjmeiaied far 

on* or morn of (he addreaed Qpran cdb lanfl aJJ the . , _ 

phinlflyoraddmacdEEpraaoeihtRvvifkdiobBia juiksu 

Ibr radtai^nor^cftuito/aaaddnMdaDwuUa » 




^ u r ^J ^g* * fa ° ft pwkig,UIMI< ttoB>hQM «Epn» 



MH iM iMM muud lafSrOO) CBSB* 

■ tywem far 40, U ta my ofaddfaaahUi 
■ — »- coJly rabbis **** mjuxj ■■■mm*. _ , 

oajorwwri rcfcroct memory cefli the wrt each ottti oa u ^t^^f'g^^lhx^^'l ,7^*"*!? 
riaveaiveJy programmed with • cturn that a 25 ^ ^ t ^.Z!t.^---^. "_,. owcry cell 

- — - » - • - r- *"TTL w "° «era» nwiHiiia I - 



7 » whko or wo pari*- by taocmeot or ti» i ~/ - t r 

nyofnduorcd ranges the eddroaed criMieT — T^i?-. " C ** r » t ^ — 

* The tyma for cranag chc EEprcca cells o a ^ 

pre* eutgmed craa drip. „ SSSS S^!^? 1 " 1 * "J" 11 * ' of 



' m — _ ^Tz~ "! "!? .r 8 ™* ~ nrwnna or rla inuuii of tkt ctem kwi ««>> 



mt»jii»4 draw chip. «prom cslte bw far nafeliig /WUnr ma* im paniM to 
« la 4a mv o/aii^»hu ^ .,.„,.• ? ""f* 0 * ™*ddm»Bd EEproa cdb ami til the 

GtiUain ^^^ i ™^?J n " Ul i * « mod Mm; wh— th« tinrn >■■. a th. 



atepited ctrcun chta the senary ceil far 
bom f ortfatrr*, having. »ow » «>ia^ « e«rol eett - 

•MttcriM ctacooo«roc«Bttv»iotpoci/k vohuabf - , ^ . ' 

S?rt"Zi? ^ ^^^ ^%«^«^ocS 43 Sl^^X^S^ » 4D «her iddreaed 



by Bonn or loriiuim of the camraa ind J. vJL! " * ort 



»y««»i for nai| th* EEaroai erib kubsi - -• - . # — _ 

for cnsa< a pmiti « pimlny ot m dmnd EE«« lT~. OB " ^ ■"■"Tr c«U bn| of tW 



num. »■ *ri verified «>•«««• 



5.17X22% 





to 



r edb ob aa tetrad omit en* 
• aamltor far ooacrellaj «bt oparaoaa of tat Merr 

fiMnmiif a partial u* farad easah of dm auoltBt 

p«ttrmMr/oraddra^ csi^acusforv«tfyiagaDGta9 , _ 

*«pfopm«d dm a och of the phnihy of a* on edit for an^nni tfcTc^' k^T?^ 
dfMdotfli «ttatfa«aaa*ofsi0f«4dau,aaa«fflr II M cai) wa* that afaaid oat or son r 
aaolai tether profrasamg ia porUW to oat or ■■ainij ceDe> ilMiati — »t 

mora of tht addmad cab ana) «0 Ua plonJity of ^MehoftMMtamar^nvZmjmMil 

M — ^ M " ^ttI limit ft* aini ' — ulitiaaa 1 mlliul u u _ 

to pr otnaimmg tht pUnliiy of addraoad anory calfc au of data aorala Ita aoaraaaTaall »i 

coapraa; jq CaardraB. 

natm oa chip for iadividaU}y iahfeaaj procraa* 44. Tai aaaory oafl raada* ryaaa am 
aiaj of any a rtrtra aad aaaory call already *»> ci&aa 41, wtach addnamtr kAdaMa I 
fled, what caabttaf tether propiaaaj a parti* neadtwry mm* tad iiibjiiimiim aiTaan 
WnfaO other addnaaad May otlb aoi yai re/araace aaaory eaoTio m4 oat or am p 
* en "*°» 31 auad tferahoidj Am oaoada of aid aaaorv 

4S. to an atepnad arcan acaory tynca hevaa an 47. The ttih r icadaa m^^mm 
tmyof «P»a^l^ofaddiaa^a^aiGO«4aMcla> can 41 wacna aad oat ari£»V31~1 
coW ST*** ^^SST* 1 * MD °^^ m > c tfr ooaaautt a haa caa — 0 for ^1"— 
■ Oa^ a^caahaof maaa^ i ctofa aml^ jo ill^S^^f Jf^^j ^T^aTniiM 
praamcd mxo a dunoj *m of tea ~imnp tyaaa, ra» ag aid nfcraaa araamaraaad oWaaaa\ 
nluag a « defiaia acaory ant havag a *"* 
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